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tiV^^l ±7\d\] ^^tj. ^>^1 ^ ::! ^^j^cj-^'^il ^IjAleVcf. 

^ ^^^^ ^^^^^ ^^7}il-4 M3}-Al?l7l ^tl 2]H.E 

^4 ^^^57] (remote plasma generator 7}^ ^^^f-i ^-i" ^^^-^^ 

1-^, i^i^fl BSTS]- ^o] 2 ojA^Vo] -.^^ nfl o]!- tiV-g-7}>. 

H «-]-^# ^^^f- ^ $14. 4:^1^ ^^^7liA^£ 3J];^l7|-^l- 

^i-§-*H ^^tii]7ii- oj-g-^i-Tm-, n7]^m ^m^}^ ^^y}:^^ ^^^7] 

£ 3 
[A^qlo]] 

^^vn|, ^4#, ALD, #4^4, ^^til]7l, ^^^S. 
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aV£^l ^MV^ ^-^^^j-^l ^ n {Apparatus and method for forming 

ultra-thin film of semiconductor device} 

S. 1^ ^^7]^9] ^31] oil 4^ ALD(Atomic Layer Deposition) ^1-^1^ «>-§-7l^ 7l] 
:£ 2fe f^Hfl7l^s] ALD ^J-^li^i 71-^1- iiltflS. ti}^^^*}^ i# £1^; 

100 - 110a, 310a - t}^ 

110b, 310b - 300 - 

348 - 7|-^i^Af^l 350 ... ^e^2:4 %>^j7l 

360 - RF ^^^71 
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[^^^ 

6\] ^40^ -^^::^2.>^>o^ H7l(vertical dimension)^ #^1-7]1 51^4. tflS^^ 

E^^]>,E^o] ^jojE ^c^^jil- DRAMS] ^j:e.7l^ ^V^l^l 7l]3]AlE-] -^-^^1- 1: 

^ ^4. S?!:, 4^}^ l:(Design Rule)^! O.lSpm^ ^1^><?1 ^4i^i^ 44 ^ 

eflofl A]-g-£]o^^ ;^ll^iAi nl-^ Ai]5--^ ^7]^^ A^S^ii n^S. 

4^J7 ^4. c^ll- S-lg, TflojE ^^o^n^^^ 71^5] t ^1-5^4(1^^5. ^V^^^ 7] c^j] 
A] AVsj-A]^ ^el^ A>s|.n^) cflAloll jiO.^.^V>^oj y^j^Os, Hf02, Zr02 ^11^5. 

^^t}lL SX^T^, DRAMS] 7fl5S]AlEi -^^^0.5.^ 5}-^7]4^#2}-^ ^E]^ ^5}-^ cfl 

4 4^ :a-^^^>^s] 71]^, ^, BST(Barium-Strontium-Titanate)4 

PZT(Lead-Zirconium-Titanate)^4 4^ 1-^4 4^ ^^14 44* ^1"^ 

ojul-. oil- 7ll^o] «Vn|-^ of^ g]:^ ^^^l(100Avfl4)^ ^j^^^S. ^>§^]-3]ig 

f^H}]4 MXVD(Metal Organic Chemical Vapor Deposition)4'S4^ 4€- ^IjS.^ 4^4 
44 ^^^4#<^1 4 ^-^4 4a^^ 4#^1 ALDCAtomic Layer Deposit ion)4# 

44. ALD 44 4^^. 44* €^4 €^1:* 4^oi] ^4 ^^^f 

a] «vn|^ ^44^ ^^^4 4-4f^4^4^ 44, ^^1-* 4^'^1 Hcfl^ ^v^ 
4 ^4f^ 44 s 44* ^44^ 4^s4 4e 4£^] ^44 44 ^4 
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^3L 9X^. ALD ^^^<=^] ^t}^ S.^^ W^>-§-i ^^^i^> ^^^^i: ^^^t $17] 
t^^i, Sig^ ^^l^o] ^o^^> ^Tljo] til-n].^ olji nVo^ - 

^ ¥^11- ^J^*>7fl ^ ^4. T. ^l-5]-s]- M. 

•^^'9''(T. Suntola and M. Simpson eds. 'Atomic Layer Epitaxy, Blackie, London, 1990) 
i ALD t ^4^5)0] $14. 

<14> :£ H ^sfl7l^5] <a^l<Hl 4^ ALD ^}^]^ ti]:^7](100)^ ^^3^- £^1 
£ 1^ ^l-^^^y1(110a)4 ^o^^^flw1(110b)7l- ti>-g-7l (100)^] ^e]^ 

-g-^?}^ ^-1-^ ^?}- 7}.il:^ 7\^^ ^^^^(140)1: ^^^^ 7l-:i 

7HJ1 ^^H^^ ^>-§-7l ifl^^ 71^(130) ^^^^ ti}^ ^^^4. 
<15> ojs]. w]:-§-7lollA-], 19971^ o^^5:).o]H 5llEi:i( Applied Physics 

Letters) ^171^ 3604^^ y]A^ «o^^<^l ^>5Ft^i^l^(Al203) ^^^^f^ 
is Ir^H^i^ 4w4 ^4. 150°CS. 7><i^V tiJ:-§-7l(100) ^fli^i A-1^BKl20)i 
7l^(130)S] ^£1- 370°CS -^^l^M meli^^s^^i^l^, 5l^l(purge)-S- ^l-s^(Ar). ^ 
#7l, o>H^^ 44 1, 14, 1, 14 3:^1 ^^1- H 2i 

^^7>i ^^^711- 44^^4. £ 2<^lA-] ^3g^^ ^^^1?># 44^^1^>, 

s]5fl 7]->i til]#^(l50)l- 5]«-s tifltsiTll €4. <^14 ^J-^-^s. <L>5^<y: 

^c]^ ^4 ^^jt ^> €^ ^7l ^ 0.19niii^i ^^l^-y ^ 

f^zj-^i^ 0.38nm/min<^14. ^1 i^^^i ^^^^'^'^] 

20-6 



1020000020239 2000/9/ 

^i^>^ n^^^^n ^5^^^^ 9X^ 

1>4^^5. ^^^'^I: ^^j^ ^^17} ^^3]-7l r^^ol] Al^Vi^ 7]^ el n]] 

t}^, H2011 HAltV «>Sl- ^o], -fAj ±i7l->.(Eeli3ll^o^>^nl^)l. ^flW] iflol] ^o]^].o^ 

3l;^l(purge)^1^J4. 7l^oi] 4i^7}>i^ ^^1-54 «J:^t ^ «J-§-7]-i( 

(adsorption)5l£^ ""A^^ 7}<i^H^]= '^^]^^ , 7}^^£^ 4ii7l-i5] ^ 

-g-7]->ll- ^^§1 ^jTl^U 4^1 ^>i7|-il- ^<a^U tiltA^7}>.l- ^fltill- 311 

^1 ^l7l°^ ^A] iil- ^^g^f^ ^^1-^ w]-n|o] ^^171- € nfl^H ^^t>4. 

^7]^ Jl4^^S *]-7loll ^W:£^ 7}^i^^A 7}^n^o] ^^^^o]o\ ^4 

<i7> ZLS14 ^2fl^ ALD7l^ ^ 4^4 ^4. ^^^^^1 7fisl 

^7l7} H 2i HA]^ 44 ^o] ^>,7}>i4 ^>-§-7l-^2] ^^^4 ^11- 4^1 3114 

*]-^ ^^IS. o]f-o1;?^ ^^2.5., Aj^V^a- tiVs^l 7]:^5] :^eln]|^7> e^^.^ 
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^^0.0^0]^ AjAVAjo] t^^6\] «.^ol 5]j7 014 ^^^^ 7]^^9l #^^5. BST 

¥^ ^^^^n #^1- ^2fl^ ALD«J-^4 ^^>tU4 t t 

^ ^711 £]o] A^^^^o] tiVnl-oj ^^^^ 7li:fl*|-7l7]- ^I^Tll^i:}. 1^5}^^ 

ALD«o^^oi4 ^a-^is^ 4^^^;^! 1-^^ ^Ajo] Ai-^Aj- /jAM^ ^i^iA^ « 

(heat capacity)^ 3.7\] t}7]i}, ±:^7}^i^ ^^^^^^ ^J:^^vi\d\] 

f-^^ ^Hfl^ ALD7l#5] ^^1^4 ALD^^# ^^^f^ #sfl^ tiJ:-§-^^BliA-] 7] 

£ H ^4 4^ ^Eflo] f^2fl7lt^ ALD ^>^1^Ai 7}>;^^^ ^^^^ 

(shower head) «oH^^ ^t}^ ^^4, ^o^7l^ 44 ^4^-^ 7}7] 

^ ^4. 



[«vt^oi ^If-Ji4 7l#^ 4711] 

44^i, ^ ^^^^^ 7i^^ 4^1^ ^^^Tlli^i m^^A^^ 3i44^v^ o^oflji 
^^7}>i^ -^-^ ^7]!- ^71] t}c^ 40] ^4^£1- ^ ^44 
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^1-^, ^]^^ BSTS} ^o] 2 ^j^T^l ol^>o^ tq] o]f. tiJ:-§-7l->:Sl 

^ s|-t}-tiV-g-o] ^^^^^^ ^±s[^]^ <L>^j^ Aj^v^ ^v^l 

<21> ^ «^V^o^ S 4^ 7]#^ 4^1^ 7] <>l^t> ^Mt ^ ^^^i: ^l^^l- 

<22> ^V7ll> 7l#^ 4^11- ^^^^}7l ^tb ^ ^MVn]- ^^^^J-^]^: A^^E^ ^j-oj] 

oJaV^ 7l^ol] cfl^t] ^2^^ tiV-g-^^V^ ^l^^m ^^ttl^, 7]^ ^Hl ^^^^-i- 

^tl: ^ ^^7l->:i:# ^ ^^t]-^ 7]->i ^^^M, 

^7] ^^7}^!^^ ^7] m ifli HnflS ^^^1717] 7l->i^^ ;^1^^^4, 

^V7l ^flti^o^ ^^^5. ol^o^;?^ o;io.B^; >^>7l ^^7]-il:# %^^^^] 

7l7l ^t!: slS-M 1-4^4 ^^^^71 (remote plasma generator ^1-71 7}± ^^^1-^ 

<23> ^ ^^^o^ y^^^6\] oio]/.]^ ^V7l ^fla^ ifl^o] ^Al^^]^^ o^^: ^V7l ^fltHo]] o^^ 
^ ^i^B^i RF(Radio Frequency) 9l7}t\7] ^7] ^]^^] 

<24> HS^Jl, >^V7l 7l^ ^^11- ^ o;^£^ ^7] A^^E-loj] o^^]^^^^cf^ ^ 
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<25> >^V7lt!: 7]t^ 4^11- ^^^t]-7l ^IV ^ ^^^^ ^""-l^ ^^^^J-^^, ^ 

^oM te}s4 t^57ll-# ^^^^^ ^^M^ ^S7l->il-^ ^^2^^ 

5. ^M^}^ ^7ll5f; ^^7f:ii-i- -^V7l ^ ^^^l"^ ^^ll" 

<26> o] nil, ^1-71 #^Ml^<^l ^>7l 7}^^^ ^^tifl^^l 

^ ^J-71 ^flwll- yl-f^ ^Tfll- ci ^Hl^H£ ^4. 

<27> ^>7l*l: T:f§ 7]^^ 2}- ^11- ^^^^M ^ ^^t^^ ^^^^ ^^^«o^^^, 

H ^^7l->il-ol A-^s 4 a- tiV-g-^s ^ 7Hfe BST SE^ PZT 

^wVnl^ ^^^^}7] ^^^^i, ^1-7] ^ ^^^^ ^^^^ ^o^ 

7l filam ^efSn} ^>^57l^^ ^^^^5- ^^71-^1: ^J^^^U, ^ 

^7l-:il-^ ^>7l ^flti] vflofl iiltfl^ tiV^ ^^11- ^^7]-^.l-^ 

^^1 ^^^1 ^^1^, ^^^1 ^£ 'L>^j5l-^1^><^1 ^<^1 

tiflt^l- -f^fl 71-^1- ^^tifltA]^ ^7] m% ^]^^ ^til 
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£ 3^ ^ ^^^^ ^^Hli 4^ ^^j^J-^1(300)^ ^^£^14. 

£ 3^ %i-^*>^, *l-^^^a^(310a)4 ^(dome)^^ ^i-^^^w1(310b)7]- ^^(0-ring; 
312)i o^Bfl 7l^# -H-^l^H ^>-S-^^>^ ^l^W. ^11 ^^7^>i^ ^^71- 

i ^^^(344a), ^11 ^^^J7l(350a), ^^7>i -^H^(345a) ^ 7]- 

^^4^1(348)1- Tl^A-] ifl«-oil ^-^-^4. tV^, ^12 ^^7>>:^ ^12 

7]-^ ^^^(344b), ^12 ti>^57l(350b), ^12 ^^7}^i -^H^(345b) ^ 

7f:i^Al-^l (348)1- 7]^^] ^flw] ^^^4. ^11 €^7>:i -^£^(345a)^ 

;^12 ^^7l->i -B-£^(345b)i l-ei^'^i $14. 7]-^^ a]- ^1(348)^ £ 4i t^j^V 4 
4 ^^^-l 71:^(330)4 4^^^ 4t"^ #^(349)<='1 ^^^5]^ $1^^-], A-]^Ei(320) 
^Hl ^Va}-^ 7l^(330)-a: 4l ^ ^l2 ^S7>^.f-ol t!:4. ^ ^ 

Al<^liA^^ 7].^HA>^1(348)1- ^fl-g-^^]^>, ^VHA] 7l-.f.^Al-^lol] 9]^ 7}±^ ^^f" ^ 

71-^1- ^-^t ^4. tb^, ^i^EK320)i^ RF ^ 
^ ^^Aj7l(360)7> ^^£]al, ^1-^ ^ ^>^^^a1(310a, 310b)^ ^^l^)^ ^4. , 
^2V^^o^ ^, RF ^^ ^^^57] (360)4 #4^4 f-^S7ll:(350a, 350b) # 

o]i, tl-41- ^-^^1^ ^^^i^i 4^5]^ #4^4 ^^^J7l7} ^^1^ 7}^ ^ 

SFe 1-^ it 7l-^l- ^^4^, ^flwl ifl^l- Jl#2^-^5. 91^]^ 
(in-situ) ^4^fl^f- 9X^^, #4^4i 4^ 4714^ ^^Hplasma 
induced damage)^ ^ $14. tb^, Ml^4 ^£1" S^4^ 
(380)ol ^flull- #5l4£^ 4^s]^i:-ll, o]^ -iJil^Dil^Kheat exchange medium)!- oj-g- 
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Ei(320)2] *>4i^ ^l^ltfl (355)71- 9X^M, ^ 

^^^^ ^ 7l^(330)ol ^^lofl >^j-^f«j-*^(h)-^^ ol^l- ^ ^4. ^^"E-^^ 

#i tifl7l7l-i^ Ei:a. S.5lll-Bi ^^(Turbo Molecular Pump; TMP)M- Y^E^ (Booster) ^ 
^ ^^^^(nl£Al)oil o^^^ #^(370)1- tiflt^rq-. 

<31> o]o]A]^ £ 30] ;^V^l^ Oj^^l-C^ AI2O3 ^^^^1-^ ^IS. 1-0] Till ^A] 

<32> A-l^Ei(320) ^Hl 7l^(330)# ^, ^^^^ ^^1- ImTorr-O.STorr^ 

iflo] u^ioj^, o^^o_^ ^^tJ-W. ^ 4-5-, ^11 ^3.^ #4^4 ^^^57l(350a)l- 
^^^l^J ^i-El]o]lA-] H2O ^711- ^^7]->i ^^^(344a)A^, ^^^^ ''^^^]^ ^± 

7}^^ 42 %^7}^i ^^^(344b)-2.S 44 ^^J^l-S] 7}>i^-^^oll 44 A^;^]^ o.^^ 
^7l(nl£Al)l- ;^lo]^}o^, ^^^^ H2O* ^44 MS^i^l^ "^^^^4-9- A^A 

^2}]7l#5^ ;g^^4, 4^ ^^4<^ 4^ ^4^£1- ^"i ^ $14. £ 

5i oie^tb ^^71-i ^^^41- 44^^4. £ 5iAi ^^^^ ^^44^ 
44vfl4n>^ ZL ^o]7} 44i 4^]*m 44^, ^^yll4^ 7}^n^^{370)o\] <a 
^4 ™P(4£4)i ^^*}7fl ^1^444. ^ -^4«^1'^14 4-§-4 TMPfe lO-S Torr 
4 "^-^44 ^'y-^l 7>^?^ ^A^4, ^^71-^^ ^^4^*^14 7l->i«fl#^ 4^ 314^ 
7}^M: 4-§-^l-4 4^til]7ll- 4^J-^5.^ ^s.7}^2\ ^^^^41- #4 

t ^ ^4. 

<33> tMo^ ^^^7l7> "^^^^4^ 7}i - 4^^114 H2O* ^7] - 4 

^tifl7l)7l- 44 ^^IsltF ^^^47} 4^4711 44. 444, 44^4 ^i^7]^<^] 
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<34> o^O^q-^ ^flti]' iflo] ^fly^S. -^^^ ^£2:^ 

^^(380)i 100~500°C ^fl^ -8r£S ^^€1=}. 

<35> ojAj.^ AI2O3 ^4 ^^j^l-fe «ol-^i m ^^7}>.l-4 ^ 

^%d\] 145} ZL 5]oil£ si3N4 TiN ^, Ta205 ^, PZTCPbZrTiOs) BSKBaSrTiOs) 
<36> o] 4^^^^1 ^^^^ PZT ^-^IM- BST ^1-^ ^-f , :2 ^^7}:il:-g: 

^^1^ Jl4, ^ ^^j€£^(process window)7> ^o]^]^ 
<37> ^^^>^£4 «J:-§-^£7} A^S. 4€- 4^^^^1 ^^^^ ^^7]->il:^ ^^^^ 

40]] 4tfl Aj-^ofl ^VcH^ 6.^ ti]:-§-^£4 ^^^^^£1- ^^fe ^^7>^1- t>^^5}-Al4 

oil- 7}^7} tiV-g-^fl^oflA^ ^3}- sl-tl-tiV-g-ol r41 4^^^# ^^2^4^J 

7l-^^r]-4. 

<38> -^4^^ 5}-ti-4 dt:i7V>i4 4i l>-§-4^ 7l->^ii- ^^4 ^44 ^ 

^, -B-4^# 5}-W<^l 7l^oil ^4 #4^^H m l-^^4€ 

«J-§-^^ 7|-il- ^^^}4 ^7ll-# tiJ^Aj 7^>:4 -§-^14711 :tf-4^ m^}^ ^-i] 

<39> £ 6<^1 :£4t!: 44 7l->i^^# A>-g-4^ ^ ^>t^4 ;(i]2 ^4ii 41- 

«o^^i 4*1-^, 444 ^^^47} (^11 ^^7}>i-* ;^12 ^^7f>.)5. ^^44 ^4^^ 
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^^g^ ^fly^ yl]7ll- ^t\7] ^£ oj^. 



2000/9/ 



<40> n:).2}A^, ^ w^VT^oj] nj-a^, ^^7l-^il:# in:^^^^}^ 

nVo^ ^zV^tf. ^C^A^ tiV£^] ±7.}o] :^]^6\] 14^ ^^^Aj^V^ cf^^ ^ ojc}. HS^JL 

1-^^ «]-^-^ ^ sx±^, ^m^ysL -f4^tv ^^t-i 

nv^ ^ oXo]A]^ tiVi^l ^^}^ ^^^i: ^J=^o^^l^J4. 

^•^-H^i ^^^^ ^1^* y}^ A"^] ^^^1 ^«]^>4. ^ 

^l^^i, ^^^J-i 7]^^ ^ ^^17} ti>HAl Al^>^ ^A^l- ^1^1*}^ ^n>c^ 
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[^^^1^ 1] 

^oHl ^^j^M t ^1^^^ ^^7|-i#i: ^>7l ^flt3] ^^^m 

^^^1-4, ^>7l ^^7f:iil:^ ^j-71 ifloil iErfl^ tiJ:4 ^^^l7l7l 7|-i 

^^7] ^n\o] ^^^^2,^ -g-^^^ ^1^^;^ $1^^; 

^o^7l ^^7l->il-^ #^^5}-^l7l7l e]S.H «^>^j7ll-ol ^l-7l 7l->. 

2] 

^>7l A^^Eioll RF ^j7Hf7l >^V7l 0^^^ RF 

[^^^} 3] 
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^ll*oHl ^^^4 ^l-g-t!: 91^^], 

61 
7] 

^15%1-<H1 ^o]Ai^ 41-71 AI2O3, Hf02, Zr02, BST ^ PZT5. ^^^^ ^^5.^ 



[^^^J- 8] 



20-16 



1020000020239 2000/9/ 

^]l^M ^«-]-^ ^ ^^7]-il-ol X]^ uf^ tiJ:-§-^£ 

7}7]^ t^^^^n ^^^^>^ «o^^i ^^^i, 

^1-^ ^^^7]1 A>ololl i^^o] 3j]^l7l->. ^^o] O^O.u^, ^1-71 ^fly] xflS] ^J^Sl-A] 

91 

^^tifl#Al^ ^>7] ^fltill- til ^til§>^ ^^lAS. *m Cf^^^^il ^ 

101 
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